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Research on Progressive Failure of Slope based on Softening Law and
Step Double Reduction Method

HOU Shiwei, ZHANG Yongfeng, ZHANG Hao, MENG Suyun
(School of Civil Engineering , Shenyang Jianzhu University, Shenyang 110168, China)

Abstract: The strength reduction method is a widely used numerical calculation method in slope stabil~
ity analysis. The traditional strength reduction method uses the same reduction coefficient for cohesion
and internal friction angle. Because the two strength parameters play different roles in deformation se-
quence and have different attenuation degrees, the traditional strength reduction method cannot truly
reflect the progressive failure process of the soil. Some scholars proposed using the double reduction
method to explore the failure of the slope. Based on the strain softening characteristics of soil, the rela-
tionship between the cohesion and the internal friction angle was established through the peak value
and residual strength of the soil. The proposed strength parameter relationship was then used as the ba-

sis for the double parameters reduction combination. The failure approach index was chosen as the cri-
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terion to determine whether the soil is damaged, the idea of local step reduction was introduced, and
different reduction combinations were used for the local yield area (FAI™>0.8) to study the progres-
sive failure process of homogeneous soil slope. The calculation results show that the local softening
step double reduction method can reflect the action sequence of the two strength parameters. The rela-
tionship between the two parameters is sorted out as a linear function, in which the parameter corre-
sponding to the independent variable works first, and the parameter corresponding to the dependent
variable works later. In the calculation example of this paper, the reduction coefficient of the cohesion
is greater than that of the internal friction angle, and the strength reservation of the cohesion is larger
than that of the internal friction angle, so the cohesion is fully utilized. The calculated damaged area
and the plastic strain difference at the boundary are more continuous and stable. The comprehensive
safety factor obtained by the step double reduction method is smaller than that of the overall reduction
method, which is safer in engineering applications and is consistent with the conclusions obtained by

other scholars. Affected by the density of the mesh, the safety factor ranges from 1.207 to 1.229,

which can provide reference for engineering design and construction.

Keywords: softening characteristics; double reduction; local step; stability; slope
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